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ABSTRACT

Objective. The tight skin (Tsk-1)
mouse has been proposed as a model
for systemic sclerosison the basisof in -
creased accumulation of collagen and
glycosaminoglycans in the skin, and by
the presence of serum autoantibodies.
The genetic basis of the mutation has
been identified as a genomic duplica -
tion within the fibrillin-1 (Fbn-1) gene
that results in a larger than normal
Fbn-1 transcript, but the mechanism
that leadsto dermal fibrosisis unclear.
Fibrillin molecules associate into a
polymer that is coated with elastin mol -
eculesto form elastic fibers. To further
evaluate the Tsk-1 mouse model of scle -
roderma, we have studied elastic fibers
in the skin of these mice.

Methods. Skin sections obtained from
C57BL/6-TSK+ (Tsk-1) and C57BL6-
pa/+ (control) mice were stained with
Masson's trichrome for evaluation of
collagen and Gomori’s aldehyde fuch -
sin stain for elastic tissue. Computer
assisted image analysis was performed
to quantify differences in histologic
sections.

Results. Tsk-1 mice had a highly signif -
icant increase in the percentage of
elastic fibers (19.6%) in the dermis
compared to control mice (7.9%) [p<
0.001]. This correlates with the find -
ings in the skin of systemic sclerosis
patients where increased elastic fibers
have been observed. In addition, anin -
creased level of dermal collagen stain -
ing was also observed in the Tsk-1 der -
mis (82.9%) compared with the level in
normal sections (73.7%) [p<0.01].
Conclusion. These data support the
use of the Tsk-1 mouse as a model for
the connective tissue abnormalities of
human scleroderma.

Introduction

Anima models are of great value in
studying the pathogenesis of human di-
seases, and can be useful in evaluating
potential therapeutic modalities for
these diseases. The tight skin mouse-1
(Tsk-1) is the most extensively studied
model of human scleroderma (SSc)
from the genetic, histologic, immuno-
logic and biochemical viewpoint (1).
The collagen content of the skin from
the Tsk-1 mice is significantly in-
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creased when compared to normal
(+/+) littermates (2). Fibrillin-1 (fbn-1)
is a ubiquitous protein present in the
extracellular matrix of various organs
and provides the core for elastic fibers.
The genetic defect of the Tsk-1 mouse
consists of a30 - 40 Kb genomic dupli-
cation within the fbn-1 gene that results
in alarger than norma in-frame fbn-1
transcript (3). In SSc, the volume of
dermal elastic fibers is increased per
unit area relative to controls, though
the individual elastic fibers appear
smaller, more numerous and polymor-
phous (4). We know that collagen de-
position is increased in the dermis in
human scleroderma (4) and in the Tsk-
1 mouse model (2,5). We are aso
aware that the dermal elastin content is
increased in human scleroderma (4).
However, though data are available
about the paucity of elastin in the lungs
of the Tsk-1 mouse [accounting for the
characteristic emphysematous changes
(6)], no data exist to characterize the
dermal elastin content in the Tsk-1
mouse. Hence, it is not known whether
the dermal elastin content in the Tsk-1
mouse model is increased (similar to
that in human scleroderma), is reduced
(parallel to the changes in the lungs in
this mouse model), or remains un-
changed. We studied dermal elastic
fibers of Tsk-1 versus control mice to
determine if abnormalities in these
fibers paralel those in human sclero-
derma.

Materials and methods

Animals

C57BL/6-TSK/+ [Tsk-1, Tsk/+] and
C57BL/6-pa/+ [control, +/+] mice
were maintained for twelve months in
our animal facility, and observed for
skin changes. Marked thickening over
the thoracic and cervica region was
detectable in the Tsk-1 mice compared
to controls.

Histological evaluation

Skin biopsies (3 mm) were obtained
from the upper thoracic/lower cervical
regions of 5 tight skin mice (Tsk-1) and
2 normal mice at 10 months of age.
Specimens of skin from both the tight
skin mice and controls were fixed in
10% neutral buffered formalin, washed
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in tap water for one hour and stored in
70% ethanol. The specimens were pro-
cessed manually at room temperature.
The specimens were dipped in and
dehydrated with increasing concentra-
tions of ethanol (80% ethanol for 4
hours, 95% ethanol for 5 hours, 100%
ethanol for 7.5 hours), then cleared
with xylene (4 hours) and embedded in
paraffin (paraffin infiltration for 4.5
hours, paraffin vacuum oven at 56°F).
The specimens were then sectioned at 5
mm, deparaffinized and stained with
either Masson’s trichrome stain (7) for
evaluation of collagen, or Gomori’'s
adehyde fuchsin stain (8) for evaua
tion of elastic fibers.

Computer-assisted image analysis

For the computer-assisted image analy-
sis of the relative proportions of colla-
genous and elastic tissue, sections stain-
ed for the respective components were
examined with an Olympus microscope
attached to a solid state camera. Select-
ed areas were scanned with BioScan
Optimas software (Media Cybernetics
Inc., Silver Spring, MD, USA), utiliz-
ing adigitizer to convert the light signal
to a computer-adapted format, and a
personal computer was used for data
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analysis. Using the aforementioned ap-
paratus, the picture analysis programs
allowed the measurement of the amount
of differentially stained tissue as a frac-
tion of the total tissue in the measured
field. In this portion of the study, the
differentially stained collagenous and
el astic tissues were made recognizable
by the concept of thresholding, in
which stained and unstained objects are
distinguished from each other by their
relative light absorption; positively
stained objects will absorb avariable
amount of light but at least as high as
the threshold value while the unstained
(negative) objects will absorb avariable
amount of light but always below the
threshold value. Computer generated
values representing the rel ative percent-
ages of collagenous and elastic tissuein
the dermis of the Tsk-1 and control
mice were derived and expressed in bar
graph form. We analyzed five fields per
section and three sections per sample.

Satistical analysis

Data were expressed as the mean *
SEM of the animals tested. The stati sti-
cal significance of differences between
the 2 groups was determined by 2 sam-
plet-tests.
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Fig. 1. Representative photomicrographs of histological findingsin the dermis of a Tsk-1 mouse and a
normal mouse (magnification: 4000x): Masson treated section (arrow indicates collagen fibers) show-
ing normal mouse tissue (A) and Tsk-1 mouse tissue (B). Gomori aldehyde fuchsin treated sections
(black arrow indicates elastic fibers and white arrow indicates non-elastic tissue) showing normal con-

trol tissue (C), and Tsk-1 mouse tissue (D).

Results

A representative photomicrograph of
skin stained with Masson’s trichrome
comparing a section of Tsk-1 dermis
with that of dermis from a control
mouse is shown in Figures 1A and 1B.
Increased collagen content may be
clearly seen in sections from the Tsk-1
mouse compared to the control.
Figures 1C and 1D are photomicro-
graphs of Gomori's aldehyde fuchsin
stained sections comparing Tsk-1 der-
mis with control tissue. Elastic fibers
form afine, wavy meshwork within the
rest of the lighter staining connective
tissue. Clumps of elagtic fibers are seen
scattered throughout the dermis and
concentrated in the lower dermisin the
Tsk-1 section compared to that derived
from the control animal.

In order to quantify this difference, com-
puter assisted image analysis was used
to study these samples. Comparisons of
Tsk-1 and norma mice revealed sub-
stantial differences for both collagen
and elastin staining. Figure 2 shows an
increase in the levels of dermal colla-
gen staining in the Tsk-1 sections (82.9
+9.1%) compared with the levels in
normal control mice (73.7+1.5%) [p<
0.05]. The results for collagen staining
confirm previous reports (2,5). The
new finding was that derma elastin
staining was also significantly increas-
ed in the Tsk-1 sections (19.6 + 1.1%)
compared with the level in normal sec-
tions (7.9 £ 0.5 %) [p < 0.001].

Discussion

Our studies demonstrated for the first
time that thereis significant increase in
the elastin content of the dermis in the
Tsk-1 mice compared to that in the nor-
mal controls. These observations corre-
late with the findings in the skin of
scleroderma patients who have aso
been reported to have increased elastic
fibers (4). As expected, collagen con-
tent as measured by trichrome staining
isalsoincreased (2, 5), reflecting chan-
ges seen in human scleroderma.
Scleroderma is characterized by an
increased deposition of multiple con-
nective tissue components in the der-
mis, most notably collagen. Thereisal-
so an increased synthesis of elastin,
which is organized in a higher number
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Fig. 2. Increased collagen and elastin in Tsk-1 skin. Computer-assisted image analysis quantifies the
relative proportions of collagen and elastin in dermis comparing Tsk-1 mice with control mice. The
data are based on the mean percentage of positive staining in 5 Tsk-1 and in 2 control mice (five fields
per section x three sections per skin biopsy sample). VValues are the mean + SEM.

of fibers compared to normal skin (4,
9). This protein is extremely important
for the dasticity and functional integri-
ty of severa organs.

The mechanism and pathogenesis of
increased elastin deposition in sclero-
derma skin is still unclear. Transform-
ing growth factor-b (TGF-b) is a multi-
functional peptide growth factor that
has previously been shown to enhance
the synthesis of collagen, fibronectin,
hyaluronate and other matrix compo-
nentsin various cultures of cell popula
tions (10). It is believed that similar to
very few other compounds, TGFb is
also a potent inducer of elastin synthe-
sis in human dermal fibroblasts acting
at the post-transcriptional level (4, 11-
13).

One intriguing question however emer-
ges. It is now known that in the Tsk-1
mouse, the defect lies in the mutated
fibrillin gene and hence in the fibrillin-
1 molecule. How can this explain the
abnormalities in collagen and elastin
deposition ? The studies by Saito and
co-workers (14) can possibly explain
this phenomenon. They demonstrated
that TGF-b, which plays a crucia role
in skin fibrosis, binds to both wild type
and mutated fibrillin-1. The quantity of
bound TGF-b is higher in mutated than
in wild type fibrillin-1 and seems to be

related to the number of TGF-b binding
motifs. Hence it is possible that the
mutated fibrillin traps an excess of
TGF-b, thereby enhancing the effect of
TGF-b on the fibroblasts to produce
more collagen and elastin.

Similar to human scleroderma, the fi-
brotic skin disease in the Tsk-1 mouse
is characterized by an increased num-
ber of dermal fibroblasts containing
high levels of procollagen mRNA. The
work of Pablos et al. (15) suggested
that the fibrotic phenotype of the Tsk-1
mouse results neither from increased
fibroblast proliferation, nor from defec-
tive apoptosis, but possibly from tran-
scriptional activation of extracellular
matrix genes.

In the Tsk-1 mouse, there are notable
differences in the amount of elastic
fibers in specific tissues. The decrease
of elastic fibers in the lung leads to the
development of emphysema (6) as op-
posed to pulmonary fibrosisthat is seen
in human scleroderma. In contrast, our
experiments show that there is an
increase of elastic fibers in the skin.
Thereasonsfor this discrepancy are not
clear. However the dermal sclerosisisa
striking finding and closely mimicsthe
human disease.

The increased eastic fiber content in
the dermis of the Tsk-1 mouse, as
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found in our experiments, is further
evidence that the Tsk-1 mouse displays
dermal connective tissue abnormalities
resembling those present in human
scleroderma and therefore it may be a
valuable model for the study of thisdis-
ease.
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